In this paper, we introduce the concept of Q-fuzzy left [right, twosided] ideal in semigroups. Moreover, the operations with Q-fuzzy sets and its related properties are discussed. Especially, we investigate the relationship between Q-fuzzy point and Q-fuzzy left [right] ideal. Finally, some theorems are given to characterize intra-regular semigroups in terms of fuzzy semiprime Q-fuzzy [left, right] ideals.
Introduction and preliminaries
Fuzzy subsets have many applications in several areas. The important concept of fuzzy set put forth by Zadeh in [1] has opened up keep insights. Let S be a non-empty set. A fuzzy subset of S is, by definition, an arbitrary mapping f : S → [0, 1], where [0,1] is the usual interval of real numbers. Fuzzy ideals with special properties of semigroups always play an important role in the study of semigroups structure. The fuzzy points of a semigroup S are key tools to describe the algebraic subsystems of S. Pu and Liu introduced the notion of fuzzy points in [2] . In [3] , authors characterized fuzzy ideals as fuzzy points of semigroups.
In this paper, we attempt to introduce the notion of fuzzy semiprime Qfuzzy ideals and Q-fuzzy point of a semigroup S. Moreover, the operations with Q-fuzzy sets and its related properties are discussed. Especially, we investigate the relationship between Q-fuzzy point and Q-fuzzy left [right] ideal [fuzzy semiprime Q-fuzzy ideal]. Finally, some theorems are given to characterize intra-regular semigroups in terms of fuzzy semiprime Q-fuzzy [left, right] ideals.
Let S be a semigroup, Q be a non-empty set. A function f from S × Q to real closed interval [0, 1] is called a Q-fuzzy subset of S. The set of all Q-fuzzy subsets of S is denoted by QF (S). Suppose that A is a non-empty subset of S, we denote by f A the characteristic mapping of A, that is, the mapping of
then f A is a Q-fuzzy subset of S. We note that a semigroup S can be considered a Q-fuzzy subset [ideal] of itself and we write S = f s , i.e., S(x, q) = 1 for all x, q in S.
Let S be a semigroup, f and g be two Q-fuzzy subsets of S. For all x in S, q in Q, define the operation between f and g as follows:
A Q-fuzzy subset f of a semigroup S is called a Q-fuzzy two-sided ideal of S if it is both a Q-fuzzy left ideal and Q-fuzzy right ideal of S.
A Q-fuzzy subset f of a semigroup S is called fuzzy semiprime
A semigroup S is called intra-regular if for each element a of S, there exist element x, y in S such that a = xa 2 y. Let S be a semigroup, define the Q-fuzzy subset a t of S as follows:
Let S be the set of all Q-fuzzy points in a semigroup S. Then for all (1) f is a Q-fuzzy subsemigroup of S if and only
Proof. Property (1) follows easily. We prove that (2) holds, let S be a semigroup, f be a Q-fuzzy left ideal of S, Q be a non-empty set. Let a in S, Proof. Let S be a semigroup, Q be a non-empty set, for all a in S, q in Q. If
Theorem 2.3 Let a t , b μ (t = 0, µ = 0) be Q-fuzzy points of a semigroup S, and f , g be Q-fuzzy subsets of S. Then the following statements are true:
and
and S • a t • S is a Q-fuzzy ideal of S.
for all Q-fuzzy points a t and b μ of S.
Proof. Since the proof of (1), (2) are similar to the proof of [3] , we omit it. We prove statement (3) . Let
Since a t (y, q)∧b μ (z, q) ≤ t∧µ, for all y, z in S, we have (a t •b μ )(x, q) ≤ t∧µ, and so ( (1) S is intra-regular; (2) The semigroup S is intra-regular; (3) Every Q-fuzzy ideal of S is fuzzy semiprime; (4) f (a, q) = f (a 2 , q) for all Q-fuzzy ideal f of S and for all a in S, q in Q; (5) f (a, q) = f (a n , q) for all Q-fuzzy ideal f of S and for all a in S, q in Q, n in Z + ; (6) f ∩ g ⊆ f • g for every Q-fuzzy left ideal f , Q-fuzzy right ideal g of S.
Proof. (1) ⇒ (2) Let a t be any element of S. Then, since S is intra-regular, there exist x, y in S such that a = xa 2 y. For
This implies that a = xa 2 y, for all x, y in S. (3) ⇒ (4) Let a be any element of S and q of Q. Since f is a fuzzy semiprime Q-fuzzy ideal of , q) , and so f (a, q) = f (a 2 , q). (4) ⇒ (3) and (5) ⇒ (4) is clear, we omit it. (4) ⇒ (5) By induction, the result holds for n = 2. Let k ≥ 2, f (a, q) = f (a n , q), for all a in S, q in Q, and n in
Let a be any element of S and q of Q, f be any Q-fuzzy ideal of S. Since S is intra-regular, there exist x, y in S such that a = xa 2 y. Hence
, S is intra-regular. (1) ⇒ (6) Suppose that S is an intra-regular semigroup, f and g are Q-fuzzy left ideal and Q-fuzzy right ideal of S, respectively. Let a be any element of S, then there exist element x, y in S such that a = xa 2 y, that is, (xa,
Let R and L be any right ideal and left ideal of S, respectively, and a ∈ R ∩ L. Then, by Lemma 2.1, f R and f L are a Q-fuzzy right ideal and a Q-fuzzy left ideal of S, respectively. Then, by hypothesis, ( Proof. Let f be a Q-fuzzy ideal of a commutative semigroup S and g a Qfuzzy ideal of S such that g 2 ⊆ f . Since S is regular, for all a in S, there exists x in S such that a = axa. Then, for all q in Q, we have (g • g)(a, q) = sup a=yz {min{g (y, q), g(z, q)}} ≥ min{g(ax, q), g(a, q)} = g(a, q) ,
Since g is a Q-fuzzy ideal of S, then by Lemma 1.3, g 2 = g • g ⊆ g • S ⊆ g. Thus, g = g 2 ⊆ f , that is, f is a semiprime Q-fuzzy ideal of S. Conversely, suppose that every Q-fuzzy ideal of the commutative semigroup S is semiprime, for all a in S, f I(a 2 ) is a semiprime Q-fuzzy ideal of S. By Lemma 2.4, f I(a 2 ) (t 2 , q) = f I(a 2 ) (t, q), for any t in S, q in Q. Thus, f I(a 2 ) (t 2 , q) = 1 = f I(a 2 ) (t, q), for all a in S, q in Q. So a in I(a 2 ). Since S is commutative, a = xa 2 for some x in S. Then a = axa, S is regular.
